A suggestion is given that resonance is possible to occur in the hydromagnetic oscillation of the lower part of the exosphere to give rise to the geomagnetic pulsation.
Introduction
It is suggested by Dungey (1954 b) that the geomagnetic pulsation, fluctuation of the intensity of the earth's magnetic field, of which amplitude is of the order of 0.1 hydromagnetic oscillation of the earth's outer atmosphere in the earth's main magnetic field. Due to the relative motion between the earth and the solar corpuscular stream (Capman and Ferraro, 1931 a, b; 1932 a, b) or between the earth and the interplanetary matter (Dungey, 1954 b) , the earth's magnetic field would be confined into the region, and its radius would cover several to ten earth's radii. The interplanetary gas trapped into such a region is, namely, the outer atmosphere or the exosphere, of which mean density is conjectured to be several hundreds electrons and protons per cubic centimeter from Storey's studies on whistling atmospherics (Storey, 1953) . Dungey (1954 b) established fundamental equations for the exospheric oscillation.
It is so difficult to get a general solution that he treated the axisymmetric case, where two sets of field quantities are governed, by two different equations of oscillation; torsional and polidal. In the former, the exospheric matter, constrained within each surface of revolution of magnetic lines of force, makes torsional oscillations independently of the other. The eigenperiod depends on the latitude very sensitively, where the magnetic line of force cuts the earth's surface. The magnetic and velocity vectors are directed to east-west. On the other hand, in the poloidal oscillation, the magnetic and velocity vectors oscillate in each meridian plane simultaneously with the same period. It seems natural, at the first step, that one attempted to regard the poloidal oscillation to correspond to a sort of gemagnetic pulsations, which appear extended largely latitudinally (Dungey, 1954 b) , although the axisymmetric treament discards the diurnal behaviour of the geomagnetic pulsation.
In the middle latitude region, we usually encounter two types of geomagnetic pulsations; pc's and pt's, which seem to be observed simulaneously at many stations distributed over a considerably wide region of the world. Putting briefly, the principal points to be concidered theoretically are as follow:
(1) There are two types of geomagnetic pulsations.
(2) The occurrence-frequencies of pc's and pt's show respective diurnal variations. Besides, there are G. M. T. controls in the occurrence-frequencies (Kato and Watanabe, 1958) .
(3) Pc's last continuously. On the other hand, pt's appear intermittly.
(4) Steady oscillations of pc's and damped oscillations of pt's suggest that geomagnetic pulsation would be caused by any resonance system near the earth. Does such a resonance system exist?
If it does, why is the period of pc's shorter than that of pt's?
Suggestions about the points from (1) to (3) were already published in our paper (Kato ahd Watanabe, 1958) : Solar charged corpuscles of positive sign, presumably protons, impinge on the earth as predicted by Stormer (1955) and collide with the denser matter in the lower exosphere, which gives rise to the geomagnetic pulsation as suggested by Dungey (1954 b) . The two types of geomagnetic pulsations, pc's and pt's, correspond to the two groups of solar corpuscles impinging on the two impact-zones expected from
Stormer's theory. An impact-zone in the night side, around 21 h L. M. T. and corresponding to pt's, is situated at the lower latitude than the other impact-zone in the forenoon side, around 09 h L. M. T., which corresponds to pc's and gives rise to the second auroral zone as detected by Nicolsky (1957) . Our picture explains well not only the L. M. T. variations but also the G. M. T. controls of the occurrence-frequencies of respective types, if we take into account the G. M. T. variation of the orientation of the geomagnetic axis relative to the sun due to the inclination of the geomagnetic axis to the earth's rotation-axis.
As for the point (4), essential for the problem of the geomagnetic pulsation, Dungey (1954 b) estimates that the fundamental period is of the order of 1/2 to 1 hours, assuming that the radius of the exosphere is of the ordere of ten earth's radii and the density is of the order of 600 protons/cm3.
The period is, however, far longer than that of pc's and pt's. According to our estimation (Kato and Watanabe, 1957) , the period may be compatible with observation, if we take the radius of the exosphere pc's and pt's with higher order modes of oscillation (Kato and Watanabe, 1957) .
In these suggestions, however, there still remain ambiguous points on the geometry of the exoshere and distribution of the magnetic field as well as that of the exospheric matter. It seems, therefore, not meaningless that one would try to derive the compatible period on the base of a model founded on definite data on the physical state in the exosphere.
The above-stated picture on the agent of the geomagnetic pulsation suggests that the energy exciting exospheric oscillations would be brought into the lower part of the exosphere.
On the other hand, we have now data on the distribution of matter in the lower exosphere obtained by the artificial satelite (Al'pert, 1958) . Thus, we are in position to treat fundamental equations of the hydromagnetic oscillation in the lower exosphere with more knowledge.
Hydromagnetic Oscillation in the Lower Exosphere
The fundamental equations established by Dungey (1954 b) 
height-level, but varies very rapidly against the height from the ionosphere to the lower exoshere. In (b), the plasma density above the height , 3100 kms, is assumed to be constant, 100 protons/cm3. It is an eigenvalue problem of the differential equation (3) to obtain periods of the geomagnetic pulsation.
One of the boundary conditions may be that the field quantities will vanish at infinity. The other condition is, however, rather difficult. Alf ven waves propagated downwards will be attenuated in the ionosphere for existence of neutral particles (Dungey, 1954 a) . The lower ionosphere, E and D regions, behaves as a metallike substance for oscillatory electro-magnetic fields, of which period is of the order of the geomagnetic pulsation. Alf ven waves are, therefore, transformed into electromagnetic waves in the lower sonosphere, and be attenuated due to Joules heat loss.
That is, the lower ionosphere has a screening effect, which is more (less) effective, when the period is shorter (longer) and the electric conductivity is better (worse) (Watanabe, 1957) . When the period is of the order of 2 minutes, the screening will be negligible, and waves will be reflected back almost completely at the erath's surface because of its conductivity. In this case, the boundary condition is that the electric field will vanish at the lower boundary.
When the period is of the order of 20 sec, the screening effect will be not always negligible.
In that case, the condition at the lower boundary will be complicated. In every case, the evaluation of eigenperiods is very labourious without help of an advanced calculus machine.
A rough estimation of eigenperiod is, however, given as the time in which the Alf ven wave will make a return trip between the barrier and the earth's surface : 1 to 100 sec. The eigenperiod may be longer than estimated in such a way, due to ratardation near the reflexion point. Therefore, it may be possible that the hydromagnetic oscillation in the lower exosphere, is the origin of the geomagnetic pulsation.
It may be noticed, however, that not only the hydromagnetic oscillation in the lower exosphere would be able to be the origin of the geomagnetic pulsation, but also the oscillation of all the matter within the exosphere be the origin as suggested by Dungey (1954 b) . That is, there may be two kinds of geomagnetic pulsations corresponding to two different regions of the origin. Porf. Kato* and Mr. Yanagihara** gave a suggestion that the oscillation in the lower exosphere would give rise to pulsation, the period of which is of the order of several seconds which is named 'geomagnetic vibration' by some authors. Mr. Yanagihara*** gave another suggestion that the oscillation in the lower exosphere would give the pc type pusation and the pt type pulsation would correspond to the oscillation in the region between the outer boundary of the cavity and the peak-point where the Alf ven velocity becomes maximum. Another suggestion would be possible as regards the difference between the periods of the two types of pulsations. Incidence of charged corpuscles at a higher latitude would give rise to an oscillation, one of which loops is situated at a higher latitude, that is, give rise to an oscillation of a greater n, which corresponds to an oscillation of a shorter period. These theoretical predictions should be checked by the studies in the future from both theoretical and observational sides.
Corpuscular Streams Responsible for Geomagnetic Pulsations
Occurrence of the maximum activity of geomagnetic pulsations, the periods of which are shorter than 45 sec delays one day compared with those of pulsations whose periods are longer than 90 sec and of the magnetic index Ak (Angenheister, 1945) . It suggests that the velocity of the corpuscular stream responsible for the pc type pulsation is slower than that responsible for the pt type pulsation.
Besides, we shall be led to a speculation that the velocity of the former stream may be that of the mean velocity of the solar corpular steam, presumably of the order of 108 cm/sec and that the velocity of the latter stream may be sufficiently high to precipitate the usal auroral zone, viz., 
Concluding Remarks
It may be heuristic to estimate the eigenvalue of the differential equation (3) exactly, though any good agreement with observations is not to be expected bacause of the axisymmetric assumption.
We can obtain the eigenperiod with the help of advanced calculus machines, for example, differential analysers or electronic computers. A similar problem was treated very beautifully by Weekes and Wilkes (1947) in their studies on the tidal oscillation of the earth's upper atmosphere, which seem to be exemplary to theoretical studies in some respects.
To solve the fundamental equations (1) without the assumption of the axisymmetry but with an appropriate consideration on the lower boundary is, of course, a difficult but promissing problem in the future. It may be necessary to search relevant eigenoscillations in comparison to analysis of observational data on the geomagnetic pulsation.
Rikitake T.: Your estimation of the eigenperiod may be justified.
It will not be very long, even if the retardation be taken into account.
Watanabe T.: It may be so. But, 1 wish to reserve my conclusive answer, till I shall try to estimate the eigenperiods more precisely.
Matsuura N.: I think that neutral particles in the lower ionosphere will partake the motion, and thus, the Alfven velocity there will be slowed down severely.
Watanabe T.: Neutral particles are not moved directly by electromagnetic fields. They are moved indirectly through collisions with charged corpuscles, which moved directly by electromagnetic fields. However, motions of neutral particles are not coupled with the impressed external magnetic field, and thus, the kinetic energy will not be converted to an electromagnetic one. Therefore, neutral particles do not partake the propagation of Alfven waves waves, but are effective for damping. If the number density is so great compared with that of charged corpuscles that the kinetic energy of charged corpuscles will be converted not to the electromagnetic energy but to the thermal energy of neutral particles through collisions, the conpling between motions of charged corpuscles and electromagnetic fields will be loosend. In this case, Alfven waves will no longer arise, but the electromagnetic energy will be propagated as damped electromagnetic waves, as in the case of electromagnetic waves in a metal.
